Chemical investigation of the soft coral Alcyonium antarcticum, collected off Terra Nova Bay, resulted in the isolation of two closely related sesquiterpenes, alcyonicene (1) and deacetoxy-alcyonicene (2), along with known terpenoid compounds. The structure elucidation of the new molecules, possessing a rare bulgarane skeleton, has been made mainly by NMR techniques.
The Antarctic benthic community has been regarded with major interest only recently, due to the interest of the scientific studies in tropical and temperate waters. In spite of the low temperature, the pronounced seasonality and limitation of food reserves, it appears very rich and stable. Cnidarians represent an ecologically important group in Antarctic invertebrates and have provided several products with interesting bioactivities [1] . Among Antarctic cnidarians, the soft corals belonging to the genera Clavularia [2] , Gersemia [3] and Alcyonium [4] are the most studied group and were found to be especially rich in terpenes and steroids. These chemical compounds possess feeding-deterrence and ichthyotoxic activity against predators, and some of them have been found to be cytotoxic to several human tumor cell lines [5] .
In this paper we report the first chemical investigation of Alcyonium antarcticum, which has resulted in the isolation of two new closely related sesquiterpenes, alcyonicene (1) and deacetoxyalcyonicene (2), along with three known compounds, 4-methyl-2-[(E)-2-methyl-6-methyleneocta-2,7dienyl]-furan [6] , pregnenolone [7] , pregnenolone-3acetate [7] and pukalide [8] . The structures of compounds 1 and 2, which exhibited a rare bulgarane skeleton [9] , never described from the marine environment, were determined by means of spectroscopic methods. The known metabolites were identified by comparison of their NMR and mass spectral data with those reported in the literature [6] [7] [8] .
The molecular formula C 17 H 26 O 2 of alcyonicene (1) was deduced by the sodiated molecular peak at m/z 285.1824 [M+Na] + in the HRESIMS spectrum and indicated five degrees of unsaturation. The 13 C NMR spectrum disclosed five sp 2 and twelve sp 3 carbons. Four olefinic carbon signals [(δ 149.5, s, C-10), (147.5, s, C-12), (112.9, t, C-13), (105.2, t, C-15)] were attributed to two 1,1-disusbstituted double bonds, accounting for two unsaturations. The presence of an acetyl group satisfying the third unsaturation degree was suggested by an intense IR band at 1731 cm -1 and confirmed by the carboxyl and methyl signals [δ 170.7 (COCH 3 ) and δ 21.5 (COCH 3 )] in the 13 C NMR spectrum. Accordingly, the 3H acetyl singlet at δ 2.01 (COCH 3 ) was observed in the 1 H NMR spectrum. The remaining two unsaturations required by the molecular formula were thus attributed to two rings, indicating the presence of a bicyclic sesquiterpene skeleton. The 1 H NMR spectrum exhibited a 1H multiplet at H 3 -11), each integrating for three protons, were assigned to a vinyl methyl and to a secondary sp 3 methyl, respectively. The remaining signals integrating for twelve protons were attributed to four methylenes and four methines. The 1 H-1 H COSY experiment showed the presence in the molecule of a single spin system, H-1/H 2 -9 sequence (Table 1) , which was consistent with the decaline framework of a cadinene carbon skeleton [9] [10] [11] [12] [13] . Diagnostic HMBC correlations observed between COCH 3 and H-2; C-10 and H-1, H 2 -9, and H 2 -15; C-7 and both H 2 -13 and H 3 -14, allowed the connection of the substituents, as depicted in formula 1. Analysis of HSQC and HMBC spectra of 1 confirmed this hypothesis and aided us to assign all the proton and carbon values, as reported in Table 1 .
Careful analysis of the vicinal proton coupling constants (Table 1) , NOE difference experiments and the 13 C NMR values led us to establish the relative stereochemistry of alcyonicene (1). In particular, irradiation of the proton at δ 5.15 (H-2), in the 1 H-1 H homodecoupling experiment, simplified the signal at δ 2.40 to a large doublet (11.6 Hz) suggesting the presence of a trans-fused ring (Figure 1 ). Accordingly, no NOE effect was detected between the junction protons at δ 2.40 (H-1) and δ 1.78 (H-6).
The relative configuration at C-4 was suggested by the high-field shifted value of C-11 (δ 18.2), (1) consistent with an axial orientation of the methyl at C-4. This was in agreement with the spectroscopic data reported in the literature for related cadinene models exhibiting at C-4 either the equatorial methyl (i.e. cadinane: δ C-11 23.05 [10] ) or the axial methyl (i.e. xenitorin A: δ C-11 18.3 [11] ; 8-epi-xenitorin A: δ C-11 18.1 [12] ). Diagnostic NOE effects were observed between H 3 -11, H-6 and H-2 thus inferring the axial orientation for all of them (Fig. 1) . The relative configuration of C-7 was deduced by the multiplicity of the H-7 signal (δ 2.31, br dd, J = 5.3 and 5.3 Hz), consistent with its equatorial orientation. This suggestion was further supported by a series of NOE effects observed between H-7 and H-6, H-8ax and H-5eq confirming the proposed stereochemistry ( Figure 1 ).
Alcyonicene (1) was thus characterized as possessing a trans-fused decaline system with the isopropenyl chain at C-7 axially oriented, as occurs in the bulgarane subgroup of the cadinene sesquiterpene class [9, 13] .
In order to establish the absolute stereochemistry, we hydrolyzed compound 1 and applied the modified Mosher's method to the corresponding alcohol. Unfortunately, every attempt to obtain the hydroxyl derivative of 1 was unsuccessful due to its rapid degradation under different hydrolysis conditions. Thus the absolute stereochemistry remains undetermined.
Deacetoxy-alcyonicene (2) was isolated in trace amount from the extract (see Experimental). The molecular formula C 15 H 24 was deduced by both the molecular peak at m/z 204 in the EIMS and the 13 C NMR spectrum. The proton and carbon resonances of 2 were very similar to those of 1, indicating the presence of the same carbon framework. The only difference was the lack of the acetoxy substituent at C-2 in compound 2 with respect to compound 1. Accordingly, in deacetoxy-alcyonicene (2), C-2 was a methylene rather than an oxygenated methine (in 2: δ C 23.9, δ H 1.65/1.41; in 1: δ C 70.2, δ H 5.15). 1 H and 13 C NMR values of 2 were attributed by careful analysis of 2D NMR experiments and also by comparison with the main metabolite 1 (see Table 1 ). The relative stereochemistry of 2 was suggested to be the same as 1 by biogenetic considerations.
Feeding-deterrence and ichthyotoxic activities of the main metabolite 1, as well as of the known compounds here isolated, 4-methyl-2-[(E)-2-methyl-6-methyleneocta-2,7-dienyl]-furan, pregnenolone, pregnenolone-3-acetate, and pukalide, were preliminarily evaluated by conducting assays with Carassius auratus [14] and Gambusia affinis [15] .
Among the compounds tested, pukalide showed feeding-deterrence against C. auratus at a concentration of 50 μg/cm 2 . Feeding deterrence against the carnivorous fish, Canthigaster solandri, has been previously reported for a derivative of pukalide, isolated from a soft coral and its prey, the aeolid mollusc Phyllodesmium guamensis [16] . All compounds were also tested in antimicrobial assays [17] , but no significant activity was evidenced.
This work represents the first chemical study of the Antarctic soft coral A. antarcticum, which was characterized by the presence of a rich terpenoid content. The new compounds 1 and 2 exhibit the rare bulgarane skeleton previously described only in essential oils from Mentha piperita [18] and Juniperus oxycedrus [19] .
Experimental
General experimental procedures: Silica-gel chromatography was performed using pre-coated Merck F 254 plates and Merck Kieselgel 60 powder. Optical rotations were measured on a Jasco DIP 370 digital polarimeter. IR spectra were recorded on a Biorad FTS 155 FT-IR spectrophotometer. HPLC separation was performed using a Shimadzu liquid chromatograph LC-10AD equipped with an UV SPD-10A wavelength detector. NMR experiments were conducted at ICB-NMR Service Centre. 1D and 2D NMR spectra were acquired in CDCl 3 , (shifts are referenced to the solvent signal) on a Bruker Avance-400 operating at 400 MHz, using an inverse probe fitted with a gradient along the Z-axis and a Bruker DRX-600 operating at 600 MHz, using an inverse TCI CryoProbe fitted with a gradient along the Z-axis. 13 C NMR spectra were obtained on a Bruker DPX-300 operating at 300 MHz using a dual probe. High and low resolution ESIMS were recorded on a Micromass Q-TOF MicroTM coupled with a HPLC
